The negative impacts of climate change on agriculture could erode gains made toward gender equality in Ghana. Much of the literature on gender dimensions of climate change adaptation has focused on assessing differences in coping and adaptation practices of smallholder farmers. Mostly overlooked is whether gender influences influenced perception of effectiveness of adaptation practices and preferences for institutional support for future adaptation. Using key informant interviews, household surveys, and focus group discussions, we address these gaps by exploring coping and adaptation measures adopted by heads of farm households to counter climate change impacts on their livelihood activities and household well-being in the Guinea Savanna agroecological zone in Ghana. Additionally, we assessed the preferred institutional adaptation support of heads of farm households in adapting to future projected impacts. We find that female heads of farm households relied mainly on borrowed money from village savings and loans group as a coping measure; male heads of farm households depended primarily on sales of livestock. Varying planting and harvesting dates, crop diversification, and use of improved crop varieties were the major adaptation strategies adopted by farmers. We argue that provision of dams and/or dugouts, postharvest processing facilities, adaptation capacity-building resources, and improved access to markets and credit could enhance the adaptive capacity of male and female heads of farm households to mitigate projected climate change impacts on their livelihood activities and household well-being.
Introduction
Agriculture remains an important part of the economies of countries in West Africa, contributing to national gross domestic product (GDP), foreign exchange earnings, and food security. Despite these contributions, the sector is inundated with many challenges. Paramount among these are climate change-related factors such as irregular rainfall patterns, increasing temperature and incidence of droughts, and decreasing soil fertility [1] . Climate change projections of rainfall variations and increased incidence of extreme climatic events could negatively impact agriculture and affect the gains made toward food security and rural development because food production activities depend largely on rainfall [2] .
Agriculture remains the backbone of Ghana's economy, with more than 50% of the active labor force engaged in the sector and supplying most of the national food requirements for the population [3] . Climate change projections across the country point to increasing temperatures across all ecological zones, with temperatures during the dry season expected to increase by about 3 • C by 2080. Projected changes in precipitation during the wet season are crowded with uncertainty [4] . In northern Ghana, climate change models show decreasing trends in rainfall, increases in temperature, and increasing incidence of late onset of spring rains [4, 5] . These projected changes in rainfall and temperature could adversely affect agricultural production in the region, given that the region has only one rainy season, and agricultural production depends excessively on rainfall. The probable effects of climate change on agriculture could include yield losses, loss of farm income, and reduced well-being of farm households [1, 6] . These adverse impacts of climate change could also stifle efforts toward poverty reduction among rural dwellers, who depend on agriculture and other climate-sensitive activities for their livelihoods and well-being. Others studies have shown that an annual average of 5.5% of total output of the major staples-maize, rice, cassava, yams, millet, sorghum, groundnuts, and plantain-is lost to climatic, biological, and natural disasters in Ghana [7] . Also, Nyuor et al. [8] found that increased temperature negatively affects revenues generated from crop production by farmers in northern Ghana. Thus, it is crucial for farmers to undertake adaptation strategies to help cushion them against the adverse impacts of climate change. Additionally, state agencies and other stakeholders of agriculture must undertake adaptation measures and implement policies focused on transforming the agricultural sector to enhance resilience of farm households.
Farmers have been adapting to variability in precipitation and average temperature over several decades [9] [10] [11] [12] . In northeastern Ghana, Bawakyillenuo et al. [10] found that farmers engaged in crop and livestock diversification, intensification of irrigation, and diversification into nonfarm income-generating activities to improve their livelihoods. However, very little is known about the gendered nature of these adaptation practices at the farm household level in Northern Ghana. Farmers' ability to adapt to projected trends in rainfall and temperature partly depends on institutional support for adaptation. The institutional support must be gender-sensitive and designed to accommodate farmers' preferences [4, 13] . Incorporating farmers' views into adaptation planning is important because literature suggests that the adverse impacts of climate change on agriculture will be felt unequally within the country [14] . Climate change impacts are expected to differ across agroecological zones and among households because of differences in resources, which tend to influence adaptive capacity [15] . Gender mainstreaming in climate change adaptation intervention planning is crucial, given the gendered nature of climate change vulnerabilities [16, 17] . Like males, females also have agency and important knowledge that is useful in climate adaptation intervention planning, and development of strategies for tackling climate change impacts related to food security and household well-being [16] .
Studies have been conducted in Ghana to explore the linkages between gender and climate change adaptation in agriculture. These have focused on the gender dimensions of climate change vulnerabilities [18] , the adaptation strategies adopted by farm households [15, 19] to counter the adverse impacts of climate change, and the importance of adaptation strategies [5] . Mostly overlooked is whether gender influences the perceived effectiveness of adaptation practices, preferences for institutional support for adaptation, and the sources of these institutional supports. There is discussion on the need for provision of gender-sensitive institutional support to improve farmers' resilience to current variability in precipitation and temperature and to enable the farmers to effectively adapt to future climatic changes. The success of such intervention partly depends on understanding the gender perspectives of farm households on the effectiveness of current adaptation measures and preferences for institutional adaptation support. The knowledge of these gender differences could help in the development of gender-sensitive policy and adaptation practices to build farmers' resilience to adverse climate change impacts.
Using qualitative data from key informant interviews and focus group discussions and quantitative data from cross-sectional surveys of farm households in three communities in the Lawra district of Ghana, this study explored the coping and adaptation measures adopted by male and female heads of farm households to counter climate change impacts. The study also explored the perspectives of farmers on the effectiveness of current adaptation practices in contributing to reduced vulnerability to adverse impact of climate. Additionally, their preferred institutional support for adapting to future changes in rainfall and temperature, and the preferred sources for the adaptation support were assessed. This study aims to broaden understanding of gender perspectives on climate change adaptation and inform the development of adaptation strategies tailored to the preferences of farm households.
This paper is organized into seven sections. The section following the introduction gives an overview of the literature on farmers' climate change adaptation and coping practices in mitigating adverse climate change impacts. This is followed by a conceptual framework that discusses the importance of gender analysis in climate change adaptation. The methods section comprises a brief description of the study area, data collection and analysis processes. Following the methods section are the results (presented under seven thematic areas) and discussion. The concluding section provides a summary of the significant findings of the study and discusses the implications of those findings for integrating gender perspectives in climate change policy and adaptation planning.
Climate Change Adaptation in Agriculture with a Focus on Ghana
Many smallholder farmers in sub-Saharan Africa adjust their farm management practices to variations in the local climate and other factors such as unavailable markets, high input costs, and lack of infrastructure, to secure their livelihoods [20] . The projected impacts of climate change on agriculture require that farmers undertake coping and adaptation strategies to minimize their vulnerability to the impacts [4, 21] . Coping strategies are defined as short-term measures undertaken by farmers to deal with food or income shortages in abnormal cropping seasons or years [22] . Farmers employ coping measures in an effort to minimize risk and vulnerability to food insecurity and loss of income due to threats from climatic and non-climatic stressors [22] . Adaptation is "adjustments in natural or human systems in response to actual or expected climatic stimuli or their effects, which moderate harm or exploit beneficial opportunities" [23] (p. 6). Adaptation to negative impacts of climate change is imperative because failure to adapt could lead to dire consequences such as loss of livelihood, social conflicts and displacement, and even death [24] . Adaptation measures are meant to reduce vulnerabilities of individuals to adverse impacts of climate change while ensuring sustainability. Effective adaptation among farmers requires changes in processes, practices, and structures to achieve sustainable development [25] .
Nhemachena and Hassan grouped farm-level adaptations into two categories: increased crop diversification, which involves the cultivation of species or cultivars that are tolerant to weather variations, and changes in farm management practices that ensure that critical crop growth stages do not coincide with unfavorable weather conditions [26] . Crop diversification in agriculture has the potential to protect farm businesses from total crop failure because various crops respond differently to rainfall variations and related climatic events, and changes in farm management practices may reduce yield losses [27] . Increased use of irrigation, increased use of water and soil moisture conservation techniques, and diversification to non-farm activities have also been employed as adaptation measures [9, 28] .
Bawakyillenuo et al. found that farmers adopted changes in tillage practices and intensification of irrigation to counter the adverse effects of variability of rainfall and temperature on their production activities in northeastern Ghana [10] . Fosu-Mensah et al. found that farmers in southern Ghana engaged in diversification of income generation activities during the dry season and varied their planting and harvesting dates with the goal of reducing the negative impacts of climate change [29] . Absent in the scholarly discourse are farmers' perspectives on the effectiveness of the identified adaptation measures in mitigating climate change impacts.
Adaptation, to a large extent, depends on the farmers' adaptive ability to counter the impacts and risks of climate change. This adaptive ability is influenced by their socioeconomic characteristics [25] . Some researchers have argued for institutional support to enable farmers to adapt to current and future variations in climate and to improve their resilience [4, 6] . According to Rosenthal and Kurukulasuriya, the support could be provided by government agencies, nongovernmental organizations, and other stakeholders in agriculture [6] . Examples of such support include providing community irrigation systems, resourcing research institutions to develop climate-tolerant crop varieties, providing agricultural insurance, building capacity of farmers, creating opportunities for stable income, and providing credit and extension services [6, 11, 29] .
Incorporating grass-roots perspectives and accounting for gender perspectives in planning institutional support for farmers are critical because men and women farmers may face different constraints to adaptation and prefer different types of adaptation support because of differences in adaptive capacities and roles [13, 15, 30] . Codjoe et al. in their study demonstrated that men and women farmers differed in their preferences of support for adaptation [5] . For example, female farmers preferred wells and boreholes, bushfire control, and water harvesting, while male farmers preferred irrigation, wells, boreholes, and drought-tolerant crop varieties in adapting to drought conditions. Similar observations were made by [13] , who assessed adaptation practices among farmers in Uganda and Ghana. Adaptation intervention preferences among farmers at the household level, however, are yet to be studied. Thus, this study relies on empirical data from northwestern Ghana to assess the adaptation intervention preferences of male and female heads of farm households to mitigate climate change impacts.
Conceptual Framework: Gender Analysis of Climate Change Coping and Adaptation Practices
This paper draws on gender analysis, a crucial component of the gender and development theory, to examine the climate change coping and adaptation of farm households. As an analytical framework, gender analysis encompasses information on males and females in terms of their roles, responsibilities, access to and control of resources, and opportunities, as well as hidden power structures that govern the relationships between them [31] . It could also include social variables such as ethnicity, social class, and age [19] . Gender constructions in most societies tend to influence the access of males and females to critical resources necessary for their development, leading to gendered vulnerabilities. In the context of climate change adaptation, these gender constructions could affect the abilities of males and females to cope with and adapt to adverse impacts of climate change on their livelihood activities and potentially worsen existing gender inequalities among farm households. Hence, it is crucial to understand the gender dimensions of current coping and adaptation measures adopted by farm households, their perceptions of the effectiveness of these adaptation practices, and their preferences for institutional support for future adaptation to improve adaptation planning and strategies development processes [19, 30] . For example, [30] in using gender analysis in climate change adaptation among different farming systems in Mali drew attention to the important role that the inclusion of perspectives of male and female farmers plays in the development of gender-sensitive adaptation and mitigation strategies.
In this paper, "gender" represents the different ways in which male and female heads of farm households cope with and adapt to the adverse effects of climate change on their livelihood activities and the well-being of their households. Male heads of farm households consist of adult males who are single, are cohabiting, or married (and live in the same house with one or more wives), or are widowed, and serve as the main decision makers in the farm households. Similarly, female heads of farm household are adult females who are single or married/cohabiting (with husbands/partners absent for most of the calendar year), or are widowed, and could be the main decision makers of the farm households [32] . Ultimately, we contribute to gender and climate change adaptation scholarship by exploring the different coping and adaptation practices that farm household heads undertake in mitigating adverse climate change effects on their livelihood activities and the well-being of their households.
Methodology

Study Area
The study focused on three communities-Mettoh, Kasalgri, and Tabier-in the Lawra district (Figure 1 ) of the Upper West Region of Ghana. The Lawra district lies within the Guinea Savanna agroecological zone, which is classified as semi-arid and is characterized by two seasons: the dry season (November to April) and the wet season (May to October) [5] . According to the Ghana Statistical Service, about 88% of the district's population of 54,889 live in rural communities, and about 90% of the rural households are engaged in agriculture [33] . Most households are into crop farming and livestock rearing. There are slightly more females (52%) in the district than males (48%). Vegetation in the district is characterized by short grasses and few woody plants [33] .
The nature of the soils, together with frequent droughts, dry spells, and floods, tends to adversely affect crop production with implication for household food security in the district [33] . The main crops produced by farmers are maize, millet, groundnuts, soya bean, and cowpea. The majority of crop production activities are done in the rainy season because agriculture in the district is mostly rain-fed and at the subsistence level [33] . For these reasons and the increasing number of female-headed farm households in the district [19] , the district was chosen to explore the objectives of this study. 
Data Collection and Analysis
The study was designed to cover male and female heads of farm households from three communities (Mettoh, Kasalgri, and Tabier) in the Lawra district of the Upper West Region of Ghana. The survey was approved by the Michigan State University Institutional Review Board (IRB# x17-628e). The data collection was carried out in three phases-key informant interviews, a household survey, and focus group discussions. The first phase involved key informant interviews with traditional leaders and agricultural workers in the district. Purposive sampling was used to select the participants for the key informant interviews. This sampling procedure was used because it allows the collection of information from participants who are well versed in the phenomenon under investigation [34] . A total of nine key informant interviews were conducted using an interview guide. Two key informant interviews involving a male and a female were conducted in each community; three were with agricultural workers in the district. The key informant interviews explored how agriculture has been affected by changes in climate from 2006 to 2016. It also assessed practices that build households' resilience to climate change and identified institutional interventions to help households to cope and adapt to future climate impacts. The key informant interviews were conducted first with the aim of using information from the process to revise the household survey instrument and explain findings from the household survey where necessary.
The second phase of data collection involved a survey of households in the study communities. The goal of the surveys was to further probe awareness of climate change coping and adaptation practices, and preferred institutional support for adapting to future changes in rainfall and temperature among male and female heads of farm households. The survey instrument was developed on the basis of a literature review on climate change adaptation practices among smallholder farmers. The survey was designed to measure the sociodemographic characteristics of farmers, current climate change coping and adaptation practices, the perceived effectiveness of current adaptation strategies, farmers' preferred institutional supports for future adaptation, and their preferred sources of these supports. The list of adaptation strategies covered those implemented by the farmers to reduce crop losses and to provide an alternative source of income for the households.
A mix of open-ended and Likert-type questions was used. The households were selected with the assistance of a community person. The following criteria were used in selecting households to participate in the study: male-headed, with one or more wives; male-headed, divorced, single, or widowed; female-headed, divorced, single, or widowed; female-headed, husband or partner away, husband/partner makes most household and farm decisions; and female-headed, husband/partner away, wife makes most household and farm decisions. Convenience sampling was used in selecting household heads. This sampling procedure was used because at the time of data collection (June 2017), farmers were busy with land preparations and planting activities. A total of 124 farm household heads participated in the study; 68 of these were females. The survey was administered in a face-to-face interview with the help of enumerators drawn from the Lawra office of the Ministry of Food and Agriculture, and Women in Agriculture Development. The enumerators were taken through a two-day training program to acquaint them with relevant skills to administer the survey to participants. Before commencement of the survey, the survey instrument was pretested to ensure suitability of the instrument to the local context. Feedback from the pretesting as well as findings from the key informant interviews were used to fine-tune and finalize the survey instrument.
The final phase of data collection consisted of five focus group discussions. The focus group were conducted in the final stage to address questions that arose during the key informant interviews and household surveys. Two focus groups-one for males only and one for females only-were conducted in both Kasalgri and Mettoh. The fifth focus group was conducted with both males and females from the Tabier community. In each community, invitation was extended to 12 men and 12 women. A total of 54 farmers participated in the focus group discussions-26 males and 28 females ( Table 1 ). The focus group participants were purposively selected with the help of a local person. The criteria for selection were a person's availability and willingness to participate in the process as well as the type of farm household (male-or female-headed) each represented. A focus group discussion guide was used in the data collection process and a translator used to translate the questions and responses from English to the local language and the local language to English, respectively. All the interviews and focus group discussions were audio-recorded with permission from participants and later transcribed for processing and analysis.
The qualitative data from the interviews and focus group discussions were analyzed following a grounded theory approach [35] . The interview and focus group transcripts were reviewed multiple times to identify dominant themes and concepts. Using open coding [36] , the researchers coded the transcripts, drawing on existing literature on gender and climate change adaptation and the study objectives to help extract the salient themes and improve data organization. The resulting themes were compared across the data sources to identify areas of similarities and differences [37] . The quantitative data generated from the household surveys were analyzed using descriptive statistics such as means, standard deviations, crosstabs, frequencies, and percentages using SPSS version 22. 
Results
The findings were analyzed by the gender of the farm household head. The findings were presented under seven overarching themes of coping and adaptation measures adopted by farm household heads to counter climate change impacts and their perceived effectiveness of current adaptation practices. We defined coping measures as activities that farmers engage in to reduce risk and vulnerability to food insecurity and loss of income after encountering climatic and non-climatic shocks. Adaptation measures, on the other hand, were defined as activities (usually at the farm level) that farmers engage in to reduce the effects of climatic stressors on their livelihood activities. We distinguished between the two practices because understanding of these is critical for the selection of alternative livelihood options and farm-level adaptation practices suited to the local context and needs of male and female farmers. In addition, we reported the preferred institutional adaptation supports of male and female heads of farm households required for mitigating climate change impacts.
Sociodemographic Characteristics of Study Participants
Slightly more than half (55%) of the study participants were female heads of farm households. There were slightly more male heads of farm household with one or more wives (42%) than de jure female heads of farm households (32%) and de facto female heads of farm households (23%). About 3% of the male heads of farm households were single, divorced, or widowed. More males than females had had some form of formal education. About 25% of the male respondents had some form of formal education, with the highest level of education being a university degree (2%). Among female participants, 12% reported having attained some form of formal education, with the highest level of education being basic education (3%).
About 69% of female heads and 46% male heads of farm households were part of a social group in the community. More male heads of farm households (16%) had access to formal credit than female heads of farm households (1%). About 47% of the female heads of farm households owned their farmland. Other female heads secured their farmland through their fathers, brothers, or husbands, or by renting/sharecropping (53%). A majority (96%) of the male heads of farm households owned their land; the remaining secured their farmlands through sharecropping or allocation from their fathers (4%). The findings on land ownership reflect cultural practices in the area, where lands are customarily owned by male heads and passed on to their sons. A woman can assume temporary ownership of farmland with permission from a brother-in-law upon the death of a husband, but she will have to return ownership to the husband's family when she returns to her family, or transfer ownership to her first son when he reaches adulthood.
Gender and Climate Change Coping Measures Adopted by Farm Households
The coping measures adopted by male and female heads of farm households to deal with low food and income availability (due to impacts of climate change on their livelihood activities) are shown in Figure 2 . We found a gendered pattern to the coping measures adopted by households to counter the negative impacts of the climatic stressors. The four topmost activities adopted by female heads of farm household were: borrowing money from friends, relatives, or village savings and loans association (VSLA) (45%); selling wild fruits and vegetables (29%); selling firewood and/or processing shea nuts (19%); and selling livestock (18%). The female heads of farm households increasingly engaged in these coping activities during the dry season because of lack of alternative livelihood options and economic opportunities. Another reason for these activities was their inability to raise the needed capital to undertake other livelihood options, such as beekeeping, and pastry and soap making. They had to use the little money obtained from farming or borrowing to support their families. In addition, husbands must give permission to de facto female heads of farm household before they could sell livestock to meet household needs because women in the communities were not considered as owners of the household livestock.
Male heads of farm households sold livestock (45%), migrated to look for jobs (21%), borrowed money from friends, relatives and/or village savings and loans association (VSLA) (21%), or managed whatever the household was able to harvest during the cropping season (16%), to counter the impacts of climatic shocks. Migration in search of alternative livelihoods has partly been driven by unreliable rainfall and increasing incidence of dry spells and drought in the communities. Many male heads of farm households indicated that temporary migration down south for jobs is a crucial coping measure. 
Gender and Climate Change Adaptation Strategies
All study participants reported changes in rainfall and temperature, and about 84% of study participants had implemented adaptation practices to counter the impact of the climatic shocks on their cropping activities (Table 2) . Among female heads of farm households, 75% implemented adaptation strategies to improve their resilience to adverse effects of climate and climatic events. Likewise, 95% of male heads of farm households implemented some form of adaptation strategy to secure their well-being. Changing crop planting and harvesting dates (77%), water and soil moisture conservation practices (69%), soil fertility conservation practices (68%), use of improved crop varieties (61%), and crop diversification (59%) were the common adaptation strategies implemented by both male-and female-headed households. Other important but less commonly practiced adaptation strategies included planting trees or fruit trees (55%), diversification into non-farm activities (43%), dry season gardening (36%), and use of irrigation (27%). Generally, male heads of farm households were more engaged in adaptation practices than females, except for diversification into non-farm activities.
Few female heads of farm households compared to their male counterparts engaged in adaptation strategies such as water and soil moisture conservation practices (ridging, stone or earth bunding) because they were labor-intensive. Additionally, they were unable to secure labor for these practices because of cultural norms, the location of their farms (usually low-lying, considered to be less fertile), the type of land tenure, and the types of crops they cultivated. When asked why women were constrained in accessing labor and fertile lands for their farming activities, a male key informant explains:
In our area, it is men who have access to labor because traditionally men are considered farmers. The role of the woman is to help with sowing and weeding. So, if you see a man sowing on the farm then maybe it's because the wife is sick or deceased. To see a woman sowing here is normal, but when you see a woman here farming by herself, then it means that she is widow, or the husband has migrated, making her the household head or may have chosen to farm on her own. Even if the woman had money to hire labor, the laborer will choose to work with the man because in their mind they (men) believe that if they farm for the women, the women are going to be better off (economically) than them. Men also think that women will take over their position (in the family). Also, traditionally, we believe that women are visitors in their husband's home and are supposed to help their husbands in farming. In the past women did not farm, it is recently that through sensitization programs by Non-governmental organizations (NGOs) and government officers that women have been encouraged to take up farming to support their families. However, men will give less fertile land to women because they don't want them (women) to be better off economically-KII 09.
The preceding quote is just one example that suggests how cultural norms and perception of gender hinder adaptive abilities of female heads of farm households (and other female farmers). Though more females are taking up farming-a change from their traditional roles-because of the presence of both climatic and non-climatic stressors, they remain constrained in accessing critical resources necessary for adaptation.
Gender and Perception of Effectiveness of Current Adaptation Practices
The perceptions of male and female heads of farm households of the effectiveness of current adaptation practices in mitigating climate change impact are shown Table 3 . The responses were measured on a 1 to 5 scale, with 1 indicating strategy was perceived to be not effective and 5 indicating very effective by farmers. Generally, both male and female heads of farm households perceived the adaptation measures to be effective in helping them reduce the adverse effects of variations in rainfall and temperature and extreme climatic events. The adaptation measures had an average score above 3 (somewhat effective).
Male and female heads of farm households agreed that the use of improved varieties (particularly drought-tolerant varieties) and the implementation of soil fertility conservation practices were helpful in countering the adverse effects of climate change on crop production. Other adaptation measures that were rated as being effective in helping farm households withstand climate change impacts included water and soil moisture conservation practices, use of irrigation, crop diversification, and dry season gardening. Although considered effective in countering climate change impacts on livelihood and household well-being, staggering crop planting and harvesting dates, planting trees or fruit trees, and diversifying into nonfarm activities were rated as lower among female heads of farm households than among male heads of farm households. In the focus group discussions and key informant interviews, participants indicated that, although nonfarm activities were good alternatives for income generation, the capital-intensive nature some of the available options and lack of markets constrained their ability to adequately benefit from such activities.
Gender and Sources and Types of External Support to Cope with Climate Change Impacts
About 44% of the farmers indicated that they received some form of support from external sources to cope with climate change impacts. About 19% of these farmers received support from relatives, 26% from nongovernmental organizations, and 2% from government agencies. Among male heads of farm households, 27% received support from relatives. Out of these, 12% received food; 9%, soft loans; 1%, farm input support; and 4%, money. About 27% of male heads of farm households received support from nongovernmental organizations. Of these, 9% received small ruminants; 23%, improved seeds; 2%, healthcare; and 5%, others (e.g., fertilizer). A few (2%) received irrigation pipes from government agencies as support to cope with climate change impacts. Among female heads of farm households, 13% received support from relatives. About 10% received food; 2%, soft loans; and 1%, farm inputs from relatives. Further, 25% reported receiving support from nongovernmental organizations. Of these, 18% received small ruminants, 13% received farm inputs (seeds), and 3% received soft loans from the NGOs.
The data indicate that the main source of external support for both types of households was NGOs. This NGO support was mostly free and aimed to help the households to diversify their income sources and to improve their resilience to the impacts of climate change. For example, vulnerable male and female heads of farm households received livestock from Canadian Feed the Future Program to build their resilience. This gesture is important for improving the resilience of female heads of farm households because traditionally they could not own livestock. Even if they inherited livestock from their deceased husbands, they had to relinquish ownership to their sons. But now, these female household heads can claim ownership of livestock.
Through the qualitative analysis, it was evident that government has been supporting farmers' climate change adaptation efforts through extension delivery services and improved access to subsidized farm inputs such as fertilizer, irrigation pipes, etc. In extension delivery services, efforts were made to give equal access to both male and female farmers in the study communities. However, in recent times (the past three years), extension delivery services have been low, with male farmers perceived as having more access to extension services than female farmers. A female key informant explains this: "Access to extension delivery is very poor because we don't have enough staff numbers. The staff that we have they are just few and they cannot reach everybody . . . the men who have more access to extension delivery than the women. Why because some of the women when you go, they will tell you that they are sending the child to clinic, they are going to funeral, etc. It is always a problem. But now their voices too have been heard and they are (government) employing people. And I hope that they (women) will also have that access to extension with more people being employed"-KII 02.
In accessing subsidized farm inputs provided by government, the main constraint for both male and female heads of farm households was lack of money to purchase these. A female focus group participant illustrates this:
"We don't have money to buy inputs such as fertilizer . . . Sometimes, we borrow money from the savings and loans group to take care of our family and buy inputs for our farming activities"-FGD 02.
This assertion was supported by a male focus group participant, who lamented about constraints he faced in to accessing (subsidized) farm inputs:
"We don't have money to buy farm inputs and take care of our families"-FGD 01.
Even though some of the farmers received support from relatives, they indicated the need for an urgent intervention from external agencies to cope with climate change impacts and improve their food security. Specifically, participants indicated that they needed help with food, healthcare facilities, farm inputs, small ruminants, and credit. They stressed the need for the provision of grants or some form of safety net to vulnerable members of the population, which included the aged, widows, widowers, and persons with disabilities.
Further, the qualitative analysis showed that farmers were engaged in collective action toward climate change mitigation. Specifically, in all the study communities, volunteer groups monitored the activities of other community members to prevent indiscriminate tree cutting and bushfires. In two of the communities (Mettoh and Kasalgri), for example, there were bylaws to curb indiscriminate tree cutting and bush burning.
Gender and Preference for Institutional Adaptation Support
The preferred list of potential institutional interventions for male and female heads of farm households for improving their adaptive capacity, along with their respective rankings, is shown in Table 4 . The responses were measured on a 1 to 3 scale, with 1 indicating that the adaptation option was not at all preferred and 3 indicating that the adaptation option was most preferred by farmers. Both male and female heads of households showed a preference for institutional adaptation interventions. Both male and female heads of households ranked provision of dams or dugouts and improved access to credit as the top two preferred institutional supports for adapting to changes in climate.
Other types of adaptation support preferred among female heads of farm households included provision of postharvest processing technology and improved access to market, provision of grants or price support to farmers to cover crop and/or livestock loss to climatic stressors, increased extension education focused on equipping farmers with requisite information, and skills for building their adaptive capacity, and the provision of seasonal forecasts or a weather monitoring station. Male heads of farm households showed preference for adaptation capacity building through extension education, provision of grain banks or storage points, grants or price support to farmers to cover crop or livestock loss to climatic stressors, and the provision of seasonal forecasts or a community weather monitoring station.
Gender and Preferred Sources of Institutional Support
The preferred sources of institutional support for adapting to the negative impacts of climate change of male and female heads of farm households are presented in Figure 3 . The top three preferred sources of institutional support for adaptation were NGOs, national government or research institutions, and local government institutions. Notably, more female than male heads of farm households preferred to receive support for adaptation from their local government agencies and fellow farmers. Both male and female heads of farm households showed less interest in receiving support for adaptation from community self-help groups.
In the focus group discussions and key informant interviews, it was obvious that current support for adaptation and coping measures was mostly provided by NGOs. Farmers in the three study communities mentioned that various NGOs had provided households with livestock, seeds, fertilizers, and training in alternative livelihood options to build their resilience to climate change impacts.
Discussion
The study examined the climate change coping and adaptation practices of male and female heads of farm households. It further explored the perceptions of male and female heads of farm households on the effectiveness of these adaptation practices, and assessed their preferences for institutional support for adaptation to future changes in rainfall and temperature. The results generally support results from similar studies on gender and climate change adaptation, which indicate that male and female farmers have different knowledge and agency that they draw upon in reducing their vulnerability to adverse climate change impacts [30, 31] . Further, the findings show an interaction between gender and culture and social class in influencing access to and control over critical resources crucial for climate change adaptation among farm households, particularly those headed by females. Notably, the relatively low participation of females in climate change adaptation is rooted in gender relations, sociocultural norms, and power relations. Despite these existing inequalities, vulnerable male and female farmers demonstrate their resourcefulness in reducing their vulnerability to adverse climate change impacts. This latter result is consistent with the tenets of Feminist Political Ecology (FPE). The FPE framework focusing on gender as a key variable explains how the complex interactions between class, race, culture, age, ethnicity, and other forms of social categories shape access to and control over resources [38, 39] . As an analytical framework, FPE sheds light on "local agency, recognizing the resourcefulness of marginalized women and men, often under significant socio-ecological constraints" [39] (p. 42). In Ghana, particularly northwestern Ghana, the result is that, though male and female farmers are willing to engage in coping and adaptation practices, they (slightly more females) are constrained by sociocultural norms and other forms of inequality.
Specifically, the results of the study demonstrate that both male and female heads of farm households have been adopting a myriad of coping measures to ensure household food security and to improve their financial status to counter the impact of climate change during abnormal cropping seasons. These results corroborate those of other studies that have reported that male and female heads of farm households adopt a range of strategies to reduce the vulnerability of their livelihoods and household well-being to climatic shocks [30, 40, 41] . The results suggest a gender dimension in the coping measures adopted by heads of farm households to reduce climate change impacts. For example, the key coping practices among female heads of farm households were borrowing from village savings and loans group and relatives, and sale of shea butter and forest resources such as firewood. Male heads of households relied instead on sale of livestock, forest resources, and temporary migration in search of jobs to meet household food and economic needs. These coping measures are commonly practiced among rural households that rely on climate-sensitive activities for their livelihoods to increase food availability and income when they experience climatic shocks on their livelihoods.
It is evident that both male and female heads of farm households depend on forest resources as coping and adaptation measures. Female heads of farm households depend on cutting and selling trees (for firewood) as a coping measure for climate change impacts; male heads of farm households primarily depend on game, sometimes setting fire to the forest during hunting. The reliance of households on sale of forest products as a coping mechanism could worsen the state of forest depletion and increase climate change impacts, and thus increase incidence of water shortages and severe droughts. Such a situation could present food security and income challenges to rural households that depend on rain-fed agriculture. Additionally, increasing depletion of the forest could affect availability of fodder for livestock. Alternative livelihood activities and improved farming practices can improve the economic potential of the farmers, minimize their dependence on forest resources, and control forest depletion. Even though government enactments prohibit forest fires and indiscriminate tree cutting, the enactments are poorly and unevenly enforced by mandated government agencies. The lack of enforcement can partly be attributed to lack of resources such as logistics, human and financial capital, and technical resources. Thus, provision of adequate resources by authorities and enforcement of laws could help improve the sustainability of forest resources in the arid region. Additionally, intervention programs could focus on strengthening existing community initiatives on sustainable use of forest resources through collaborations with external agencies involved in programs on sustainable use of forest resources.
Migration of male farmers in search of wage jobs to raise income to improve food security and economic status of their households could be a plausible alternative measure for climate change impacts adaptation. The absence of the male heads of households from their homes, however, could put emotional and psychological strain on their marriages or families. In addition, the migrant male farmers typically engage in nomadic livelihood activities (such as informal artisanal mining, street hawking, truck pushing) and often brave hazardous conditions to earn meager incomes, a situation that can potentially affect their health and well-being.
Climate-related shocks in rain-fed agricultural production present a significant risk to household income generation and food security. Thus, it is crucial for farm households to adjust their practices to counter the adverse impacts of climatic shocks. Consistent with findings by [26, 42] , farmers in northwestern Ghana adopted both farm-and nonfarm-level adaptation measures to secure their livelihoods. The top adaptation practices of farmers included changing crop planting and harvesting dates, crop diversification, soil fertility improvement practices, and use of improved crop varieties. These adaptation measures aim to improve yields and minimize crop losses, thereby improving food security status and socioeconomic well-being of the rural farm households. Relying on drought-tolerant and improved crop varieties could also ensure the economic sustainability of the farm households. Education on adaptation techniques is necessary in ensuring that the right technique is applied at the appropriate time. This education should focus on both male and female farmers, including extension service providers, and should also aim to encourage male farmers to assist female farmers in obtaining labor needed to undertake adaptation measures. Female farmers could also be trained and encouraged to adopt climate-smart push-pull adaptation strategies that are considered less labor-intensive. For example, intercropping the drought-tolerant trap plant Brachiarra spp. with drought-tolerant Desmodium intortum (green leaf desmodium) in Uganda, Kenya, Tanzania, and Ethiopia [43] improved soil fertility and minimized pest and weed infestations. Studies about the feasibility of employing similar or alternative techniques could be adopted in northeastern Ghana to improve adaptation and farming practices. However, structural conditions such as gender and cultural norms undermine the abilities of female farmers to expand their farm production by discouraging or preventing male farmers from working for female farmers or excluding female farmers from important decision-making processes. Although government agencies as well as NGOs have been working with community members (particularly females) to promote gender equality and women's development resulting in more females farming on their own, some of these norms and perceptions remain unchanged in some cases. Intensification of agricultural extension education programs that integrate topics focused on engendering behavioral and perception change, particularly among male farmers on the role of female farmers in agriculture, household food security, and well-being could help in closing the gender inequality gaps.
Understanding the perspectives of male and female farmers about the effectiveness of current climate change adaptation practices is useful for planning future adaptation interventions. Murage et al. indicated that female farmers favored less labor-intensive adaptation measures than males [37] . In this study, male farmers considered current adaptation measures as effective in mitigating climate change impacts on their livelihood activities and household well-being. The unavailability of markets or reduced access to markets and credit by rural households that would like to diversify into nonfarm activities has the potential to prevent households from benefitting from the opportunities associated with nonfarm activities. Building an asset base for vulnerable households could improve their resilience to climate change impacts. For example, households could be provided with small ruminants or fowls to rear for food security. In addition, policy interventions targeted at improving farm households' access to cash and input credit could be instituted to improve their livelihood activities. Compared with male heads of farm households, females gave a lower rating to planting trees or fruit trees as an effective adaptation strategy. As observed in other studies in the Upper West Region of Ghana, female farmers showed preference for adaptation measures that have benefits that could be realized in the short run because of the constraints they faced in accessing productive resources such as land and labor [13, 39] . Perhaps this explains why female heads of households showed interest in adaptation measures that yield food security and income within a relatively short period. This suggests the need for incorporating gender-based assessment of climate change adaptation in planning for adaptation interventions.
Transformation of the agricultural sector from rain-fed to both rain-fed and irrigation-based could significantly ensure the adaptation of farmers to climate change impacts. Credit constraints in expanding farming activities and diversifying into nonfarm income-generating activities are also barriers to adaptation among farm households. Therefore, the transformation process could include the provision of dams and dugouts, and improved access to credit. This suggestion agrees with suggestions by [4] , who indicated that provision of irrigation systems to communities in northern Ghana is important to enable farmers to adapt to increasing variability in rainfall and temperature during the crop growing season. Improving access to credit could improve farmers' capacity to engage in other income-generating activities and enable them to purchase farm inputs that are critical for adapting to the changing climate.
According to United Nations Development Program [31] , male and female heads of farm households have dissimilar roles, perceptions and knowledge, needs, and control over and use of resources, which could influence their choice and preference for potential support for adapting to projected adverse climate change. Female heads of farm households preferred postharvest processing technology and improved access to markets, but male heads of farm households preferred farmer adaptation capacity building through extension education. Conventionally, females engage in processing and marketing of agricultural produce in most farm households. At present, agricultural crops are mostly sold in their raw state, often resulting in low income because of a glut on the market and low prices offered by market women to farmers. Provision of processing facilities could help female farmers to curb crop losses during storage and increase the income gained by selling processed products. On the other hand, building male farmers' adaptive capacity through extension could improve their production levels and address their concern with making the most profit from their crop and livestock production activities. These differences in preference for institutional support stress the importance of incorporating gender perspective in adaptation intervention planning to reduce or prevent maladaptation.
Goh suggests that access to land is a major barrier to climate change adaptation among smallholder farmers [14] . It was observed in this study that land access may not be a major barrier to climate change adaptation in northern Ghana. Improved access to and ownership of land for farming was a least preferred institutional support for adapting to climate change impacts among farmers in the three northwestern communities in Ghana. A similar observation was made by [44] among farmers in the Central Gonja district of northern Ghana. Thus, land rights and ownership formalization may not be a crucial concern of the farmers at the moment. Further, findings from the qualitative process suggest that lands for farming in the study area are not sold but rather allocated by the family head (usually a man) to whoever asks for it for farming. Perhaps the low preference for improvement in land access and ownership could be due to land allocation arrangements that allow household heads to plan for crop rotation and fallowing each cropping season [45] . Permanent ownership of land by other individuals in the household could disrupt those farming plans.
It is evident that farm household needs and perspectives should be incorporated in the identification and design of adaptation practices. Adaptation intervention planning can focus on designing and identifying measures (e.g., provision of irrigation facilities) that could transform agricultural production. A transformation of the agricultural sector from rain-fed to irrigation-based could result in increased productivity and improved household food security and economic gains. With agro-processing industries, increased productivity could provide employment and reduce the rate of male migration from the communities. Further, part of the income gained from agro-processing by farmers could be invested in the formal education of their children. Such an investment could lead to increased literacy in the region as well as afford these children opportunities for higher paying jobs in the future should they choose not to engage in agriculture.
Farm households need institutional support to enable them to effectively adapt to adverse impacts of climate change. The farmers in this study preferred support from external agencies, but continuous overreliance on external support from agencies could cause the farmers to lose sight of their own abilities to develop local solutions to their problems. Therefore, it is important for institutions involved in developing adaptation interventions for communities to work with a bottom-up approach to identify locally suited strategies to prevent maladaptation. Such institutions could work with communities to identify assets such as social capital (e.g., informal networks and local associations) to create local economic opportunities for livelihood transformation and sustainable development.
Conclusions
This study assessed the climate change coping and adaptation measures adopted by male and female heads of farm households to reduce vulnerability to adverse impacts of climate change. The study further examined the perceptions of farm household heads on the effectiveness of current climate change adaptation practices and their preferences for institutional support for adapting to climate change impacts. The key observations in this study are:
•
Male and female heads of farm households mainly engage in borrowing from village savings and loans groups, sale of forest products, sale of livestock, and temporary migration, as coping measures to reduce the impact of climatic shocks on their livelihood activities.
More male heads than female heads of farm households engage in climate change adaptation practices.
• Both male and female heads of farm households perceived current adaptation practices as effective in reducing the effects of adverse climate change impacts on their livelihoods and household well-being.
The most preferred types of potential institutional adaptation support for both male and female heads of households are dams, dugouts, and improved access to credit.
NGOs and government agencies were the most preferred sources of institutional support for climate change adaptation.
The findings in this study have implications for climate change mitigation and adaptation planning. Engagement of agricultural extension agents, forestry officers, and community members in sustainable use of forest resources and reforestation could enhance food security and income generation among households. Further, less labor-intensive adaptation practices could improve the resilience of farmers to adapt to climate change impacts.
The provision of dams and dugouts and improved access to credit could transform agricultural production and reduce farm households' vulnerability to the adverse impacts of climate change. Stakeholders can engage financial institutions to help local savings organizations to improve access to credit and ensure farmers' financial accountability to lenders. Stakeholder interventions could be directed at improving farm households' access to both tangible and intangible asset holdings-including small ruminants, information on how to access credit, and links to markets-to improve their adaptive capacity.
These efforts, however, may not yield the expected results because of gender norms and cultural perceptions. Education of all stakeholders can undo these norms and perceptions and improve the adaptive capacity of farmers, particularly female farmers. An inclusive, bottom-up approach between communities and other stakeholders to identify and design future climate change adaptation measures suited to local needs could lead to livelihood transformation, reduce maladaptation, and promote socioeconomic sustainability.
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